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Summary
Inventory of species and breeds, their population
sizes, geographic distribution and possibly their
genetic diversity is generally undertaken as a first
step in any national programme for the
management of animal genetic resources for food
and agriculture. The primary purpose of such an
assessment is to document the current state of
knowledge in terms of a population’s ability to
survive, reproduce, produce and provide services to
farmers. Starting an inventory requires some
knowledge of the inventory items and their
characteristic attributes. Inventory and
characterization are, therefore, complementary
processes, in which the characterization step
provides the baseline information as well as the
criteria that will be used to establish and update the
inventory. Characterization provides data on
present and potential future uses of the animal
genetic resources under consideration, and
establishes their current state as distinct breed
populations and their risk status. As use and
management of animal genetic resources are
dynamic processes, monitoring the status of a
population has to be done on a regular basis. Thus,
risk status indicators for use during the monitoring
process need to be defined following the inventory
and characterization steps.
This paper discusses methods and criteria
currently available, from research and past
experience, for inventory, characterization and
monitoring of animal genetic resources, with the
view to assist in the development of a more
comprehensive framework. Particular consideration
is given to emerging tools and technologies. The
scope of the review includes all livestock species
and their wild ancestors and wild related species.
Examples focus on cattle, sheep, goats, pigs and
chickens.
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Résumé
L’inventaire des espèces et des races, la taille des
populations, la distribution géographique et si
possible leur diversité génétique, est en général le
premier pas à accomplir dans un programme
national pour la gestion des ressources génétiques
animales pour l’alimentation et l’agriculture. Le
principal objectif de ce genre d’évaluation est de
documenter la situation actuelle en termes de
connaissances sur la capacité de survivre et de se
reproduire d’une population, ainsi que d'offrir des
services aux éleveurs. Pour initier un inventaire il
est nécessaire de disposer de certaines
connaissances sur les points principaux et sur les
attributions des caractéristiques. En outre,
inventaire et caractérisation sont des procédures
complémentaires étant donné que la caractérisation
fourni l’information de base et les critères qui
s’utiliseront pour établir et mettre à jour l’inventaire.
Tenant compte que l’utilisation et la gestion des
ressources génétiques animales sont des procédures
dynamiques, le suivi d’une population doit être
réalisé sur des bases concrètes. Pour cette raison, il
est nécessaire de définir les indicateurs pour les
situations de risque qui seront utilisés pendant le
suivi tenant compte des différents points de
l’inventaire et de la caractérisation.
L’article présente les méthodes et critères
disponibles actuellement à partir de la recherche et
des expériences passées pour classer, caractériser et
suivre les ressources génétiques animales dans le
but d’aider au développement d’un réseau plus
efficace. Ont souligne en particulier les nouveaux
outils et technologies. L’objectif de cette révision
comprend toutes les espèces d’élevage ainsi que
leurs ancêtres sauvages et les espèces sauvages
voisines. Certains exemples se sont centré sur les
bovins, ovins, caprins, porcins et volailles.
https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S1014233900002534
Downloaded from https:/www.cambridge.org/core. ILRI International Livestock Research Institute, on 11 Feb 2017 at 10:13:03, subject to the Cambridge Core terms of use, available at
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
30
Inventory, characterization and monitoring
Resumen
El inventario de las especies y razas, el tamaño de
sus poblaciones, su distribución geográfica y
posiblemente su diversidad genética es en general
lo que se hace como primer paso en un programa
nacional para la gestión de los recursos
zoogenéticos para la alimentación y la agricultura.
El principal propósito de este tipo de evaluación es
documentar la situación actual en términos de
conocimientos sobre la capacidad de sobrevivir y de
reproducirse de una población, y de proveer y
producir servicios para los ganaderos. Iniciar un
inventario requiere algunos conocimientos sobre los
puntos de un inventario y la atribución de sus
características. Por lo tanto, inventario y
caracterización son procesos complementarios en
los que el paso de la caracterización proporciona la
información de base así como los criterios que se
utilizaran para establecer y poner al día el
inventario. La caracterización proporciona datos
sobre el uso actual y potencial futuro de los recursos
zoogenéticos en estudio, y establece cual es el
estado actual de cada población de razas y
situación de riesgo. Teniendo en cuenta que la
utilización y gestión de los recursos zoogenéticos
son procesos dinámicos, el seguimiento de la
situación de una población debe llevarse a cabo
sobre bases regulares. Por lo tanto, se necesitan
definir indicadores sobre situaciones de riesgo para
su utilización durante el seguimiento en base a los
puntos del inventario y de la caracterización.
El articulo discute métodos y criterios
disponibles actualmente provenientes de la
investigación y de experiencias pasadas para
inventariar, caracterizar y monitorear los recursos
zoogenéticos, con vistas a asistir al desarrollo de
una red mas efectiva. Se da particular consideración
a las nuevas herramientas y tecnologías. El objetivo
de esta revisión incluye todas las especies
ganaderas y sus antepasados salvajes así como
especies salvajes relacionadas. Algunos ejemplos se
han centrado en bovinos, ovinos, caprinos, porcinos
y especies avícolas.
Keywords: Descriptors, Relevant scales, Inventory,
Characterization, Production systems, Phenotypic
characterization, Molecular characterization, Genetic
diversity.
Conceptual framework
Genetic diversity within a livestock species is
reflected in the range of breeds and populations and
in the variation present within each.
The concept of the breed
The commonly used unit of reference of animal
genetic diversity is the breed. Although the term
“breed” is generally defined in terms of
morphological, geographic, utility and genetic
criteria, it is difficult to establish a definition that
can be universally applied in both developed and
developing countries. Definition of breed identities
and characteristics requires at least a preliminary
characterization of the breeds that are known to
exist within a country. However, using the breed
concept may lead to the exclusion of local
populations that are not well described or not
identified as breeds by the national authorities. In
order to avoid missing data relevant to the efficient
design of strategies for the management of animal
genetic resources, it is useful to recall the different
types of populations that are covered by the broad
concept of the breed and that should be included in
the inventory.
Traditional populations are mainly local and are
considered to be adapted to their environment. They
often exhibit a large phenotypic diversity
(particularly for coat or plumage colour). They are
managed by the farmers with low selection
intensity, and are also affected by natural selection.
Their genetic structure is mainly influenced by
migration events and mutations, which would
generally be counter selected in the wild.
Population size is generally large.
Standardized breeds are selected on the basis of
morphological traits, with a recognized “standard”
breed descriptor, generally established by a
community of breeders. They derive from traditional
populations, but exhibit less phenotypic diversity
as they are selected to meet minimum standards of
phenotype. Their genetic structure may be
influenced by important founder effects. Total
population size may be very variable, depending on
history and breeders’ organization.
Selected breeds or commercial lines are
characterized by an economic selection objective
and the use of quantitative genetics methods.
Molecular markers are often used, for instance for
parentage testing. These populations derive from
standardized breed or from traditional populations.
Breeders are organized for pedigree and
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performance recording. Total population size is
generally large.
Derived lines arise from the use of specific
breeding methods. Close inbreeding leads to highly
specialized lines which exhibit low genetic
variability. Conversely, composite breeds are
derived from crosses between standardized breeds
or selected lines, and exhibit a high level of genetic
variability. Experimental selected lines used for
research are part of this group, as they are generally
derived from known breeds and selected for very
specific traits. Transgenic lines would also belong
to this group. Total population size is generally
limited, except for composite breeds, which can
form the basis of a new selection programme.
These different types of population may be easily
identifiable in highly commercialized species such
as cattle, pigs or chickens in Europe or Asia, for
instance. The classification may not apply directly
to other species such as camelids or geese, but can
be considered a general framework for all types of
domesticated populations.
In addition to these categories, wild ancestors
and wild related species are also relevant for
inventories. Indeed, spontaneous cross-breeding
may still take place between wild relatives and
livestock in interface areas. For example, the
mountainous regions of north Viet Nam provide
permanent contact between wild species and
domesticated chicken populations. This “free
breeding” increases introgression from wild
genomes and plays an important role in
maintaining a high genetic diversity and
adaptation to particular conditions. Thus, these
local populations should undoubtedly be
considered in any inventory.
Descriptors (items) for inventory,
characterization and monitoring
Primary indicators of animal genetic diversity
should address both between-breed and
within-breed components. Using breeds as the main
indicator of total animal genetic diversity would
miss out the important contribution of within-breed
diversity. National authorities need to recognize the
limitations of the breed concept and ensure that as
much intraspecific genetic diversity as possible is
accounted for in strategies for inventory,
characterization and monitoring.
Typically, inventory, characterization and
monitoring efforts will start by itemizing genetically
distinct populations or “breeds”, the number of
animals per population, and the number of farms
that keep these resources. As stated in The State of
the World’s Animal Genetic Resources for Food and
Agriculture (SoW-AnGR), inventory,
characterization and monitoring should include the
identification, quantitative and qualitative
description, and documentation of breed
populations and the natural habitats and
production systems in which they are embedded.
Traits such as adaptation to a harsh environment,
disease resistance, provision of environmental
services, and product quality may receive specific
attention depending on the context. Thus, it is
necessary to describe the economic, social and
environmental context in which the breeds are used,
including cultural aspects of peoples’ livelihoods.
Furthermore, as socio-economic and environmental
contexts evolve, criteria for evaluating breeds and
their traits will also have to evolve.
Relevant scales
In principle, the strategy for inventory,
characterization and monitoring should canvass all
breeding populations across relevant production
systems within a country, and include the sampling
of representative animals to generate population
descriptor data.
However, depending on the geographical
distribution of the breeding population, the
population size, breed risk status and economic
significance, actions may be undertaken at different
scales. For endangered and at-risk populations,
they may be carried out at the level of individual
animals, or populations of breeding animals in
farms or stations. In the case of transboundary
breeds, the exercise may involve intercountry
collaboration, as in the case of commercial dairy
and beef breeds included in multicountry breed
evaluation programmes.
Inventory
A nationally mandated institution for inventory
and monitoring is needed. At least in developing
countries, this institution should set up a national
mechanism to verify whether a particular breed or
population represents a distinct unit of animal
genetic diversity in the country, and as such needs
to be included in the primary inventory.
In any country, it will be necessary to identify
the number of farmers or communities that keep a
particular population that is registered in the
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national primary inventory. The national institution
in charge of the inventory will collect data from
government extension services, as well as from
farmers’ organizations – at any level from local
communities to commercial companies. Involving
livestock keepers and breeding organizations in the
process has the added value of raising awareness
about the value of the breeds in question. Bottom-up
approaches also exist, in which a community
describes a breed and brings it to the attention of the
authorities. Confidentiality issues may affect
inventories of commercial lines; breeding
companies do not always agree to divulge numbers
for the nucleus lines under selection.
In countries or areas where neither extension
services nor breeding organizations can be
identified to provide census data, on-field counting
and systematic georeferencing may be set up as a
special effort to improve inventory. Georeferencing
will provide very useful information, as it allows
geographical and climatic data to be linked to the
distribution of breeds within a country.
Characterization
The first step of characterization is the primary
assessment or baseline survey, which should
include collection of data on population size and
structure, geographical distribution, production
systems in which the breed is found, phenotypic
attributes (physical features, performance levels and
any unique features), historical development of the
breed through exchange, upgrading and selection,
and the genetic connectedness of populations when
these are found in more than one country (e.g. the
N’Dama cattle breed of West Africa). The
within-population genetic diversity is measured
both at the phenotypic level (phenotypic breed
diversity) and at molecular level; the two are
complementary. All these data are needed to inform
decisions on the utilization, improvement and
conservation of the population.
Production systems and social
organizations
As noted in the SoW-AnGR, the term “breed” is often
accepted as a cultural rather than a biological or
technical term. Hence, in order to depict direct and
indirect use values of breeds, they need to be
characterized in the context of the production
systems and social structures in which they are
used. The objective is to allow comprehensive
input/output analysis of the genetic resources in
the context of the agro-ecosystems of which they
form a part. The environmental impact of a breeding
population should also be considered as part of the
characterization of the production system. Such
data can be collected by survey. FAO has already
developed simplified formats for data collection for
mammals and poultry. The cost and time needed for
such surveys should not be underestimated, but
they could benefit from being linked to training
programmes, e.g. for MSc and PhD students.
Surveys will be organized differently depending
on the institutional background. In developed
countries, where commercial and conservation
farms keep registers of individual animals and their
pedigrees, structured surveys can be used to collect
information on production systems and the
environment. The procedure should take advantage
of current data collection systems and additional
costs should be quite limited. Yet, measurements
related to environmental impact of breeds and their
production systems are generally not included in
routine procedures and specific actions are needed
to collect such information.
In countries where such data are not regularly
recorded, specific surveys need to be set up. For
traditional communities in pastoral and farming
production systems, participatory surveys and
structured interviews can be used to generate data
on breeding objectives, breed and trait preferences
and production system constraints. In the context of
traditional breeds, these descriptions give insights
into the multitude of functions and services that
breeds provide for their keepers. Statistical
sampling procedures can be applied to study
localities, farms and individual animals once the
sampling framework is defined.
In situations where limited documented
information on breed identification and
characteristics is available, extensive exploratory
surveys may be necessary. However, exploratory
surveys have limitations; the facts generated are
highly subject to the biases of questionnaire
respondents. Thus, steps need to be taken to
ground-truth and cross-check findings using
complementary procedures such as key-informant
interviews, focus-group discussions and
reporting-back sessions with respondent
communities. Consequently, these surveys become
demanding in terms of time, skilled personnel and
financial resources. This has been observed, for
example, in livestock breed surveys in Zimbabwe
and Ethiopia.
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Phenotypic characterization
The different phases of characterization involve
morphological attributes, biometrical indices,
production levels (growth, reproduction, milk, egg,
fibre, traction) and specific adaptations, including
survival. Morphological variants may be associated
with known genes (coat colour, morphological
mutations) and will benefit from their molecular
characterization.
It is important that phenotypic measurements
(biometrics and performance) should not focus on
means or averages alone, but also account for
variations. It is the variation that provides the basis
for conservation and for present as well as future
utilization. For this reason, a large proportion of the
population should be included in the assessment of
performance.
Performance may be assessed either by direct
recording of the animals or by exploiting
information that is available in published literature,
extension service field reports and reports of
breeding units and organizations. Performance
testing may be done either on-farm or in testing
stations.
On-farm testing
When genetic evaluation is performed utilizing
national records from on-farm testing, the
associated data can be made available for
characterization, and breeding values should be
incorporated. However, this is not feasible for pig or
chickens breeding schemes run by companies
which will not share their data.
For species or countries where there is no
national on-farm testing, specific action to collect
on-farm data is required. Technicians should be
trained to collect morphological data. Pictures
should be taken utilizing a tape measure to
document phenotypic variability as thoroughly as
possible. In traditional communities, indigenous
knowledge and practices associated with breed
identity and unique utility should also be compiled
along with population performance descriptors. A
variety of relevant participatory methods exist,
including methods that allow livestock keepers to
rank breed and trait preferences, including traits
with non-market values. Simple criteria such as
sales and survival rates provide valuable
information.
When georeferencing of phenotypic data is
available, further biophysical data from the
environment (climate, soil, vegetation cover, water
availability, type and level of disease challenges)
can be overlaid, and joint analysis in GIS
(geographical information system) will help to
assess adaptability traits.
On-station testing
On-station characterization makes it possible to
evaluate breed performance and potential in a
relatively defined and controlled production
environment. The limitations are that animals may
not necessarily be adapted to the controlled
environment and that some traits such as grazing
behaviour and response to environmental stressors
cannot be measured. Thus, the specific advantages
of a local population may not be recognized. Indeed,
it is currently difficult to find objective criteria to
describe the adaptation of local populations to
specific climatic or feed conditions. Research is
needed in this field – identifying morphological and
Box 1. The Management of Farm Animal Genetic Resources in the
SADC Sub-Region project
The implementation of the animal genetic resources characterization project for the
Southern African Development Community between 2000 and 2004 demonstrated that
the human, financial and networking resources of public institutions and international
research and development organizations can be harnessed to run large-scale exploratory
surveys. In this particular case, the United Nations Development Programme provided
funding; FAO and the International Livestock Research Institute provided expert advice
and guidance in the design, execution and evaluation of breed characterization surveys.
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physiological predictors for heat tolerance or
walking ability, for instance. Moreover, such
unknown adaptive traits are usually not captured
in a standardized research protocol; new protocols
need to be developed. Conversely, a controlled
environment allows more precise measurement of
individual performance, pedigree recording and
estimation of genetic parameters, and provides
opportunities to undertake multiple comparisons
(breeds and production environments) across
stations, so as to assess genotype by environment
interactions. A positive aspect of on-station
characterization is that it may contribute to the
establishment of a nucleus population and
contribute to the conservation of the resource being
characterized.
Advanced phenotyping
Product quality is generally considered by breeding
organizations using precise descriptors, which are
defined according to the destination of the product,
taking into account indications from nutritionists
and food processors. For instance, fat percentage in
milk is analysed in terms of fatty-acid composition,
and protein percentage can be detailed according to
the different types of caseins. Furthermore, systems
have been set up in Europe to associate a product
with a certificate of origin, such as Protected
Geographic Indication1 and Protected Designation
of Origin2, which generally include the breed of
origin of the product (Box 2). The same concept is
applied for goat meet in Argentina (Box 3). In many
African and Asian countries, specific products are
also associated with local breeds, and accurate
description of the product should be undertaken in
order to better define it and, consequently,
characterize the breed. This requires
capacity-building for the definition of product
quality requirements, and the establishment of an
official system for certifying that the product and
production methods meet these requirements.
Disease resistance is a high priority for several
reasons: local breeds survive in harsh environments
and this needs to be better understood; epidemics
are major threats for all animal genetic resources
across the world; climatic change is likely to
increase the spread of tropical diseases to temperate
areas. In addition to claims that local breeds are
adapted and resistant, scientific evidence has been
obtained in several instances (examples are
reported in the SoW-AnGR). The effect is
particularly well documented for parasitic diseases,
which are very prevalent in tropical areas, with
local breeds maintaining a better performance in the
presence of parasites and/or exhibiting lower levels
of parasite infestation. Generally, this condition is
better described as tolerance, a typical example
being trypanotolerance in cattle. Generally, more
data are needed on exposure and response of
animal populations to parasites, viruses and
bacteria. One delicate question involves possible
confusion between resistance and a healthy-carrier
state for a given pathogen. True resistance, in which
the host does not allow the pathogen to
disseminate, is the objective of most research studies
in developed countries. This is consistent with the
assumption that it will be possible to eradicate the
pathogen. However, this seems unrealistic for
tropical parasites. Thus, research is focusing on
defence mechanisms, in order to better understand
the permanent race between hosts and pathogens.
Furthermore, epidemiological studies suggest that
pathogens may adapt more easily to uniform
genotypes, and that genetic variation of the host is
one key to limiting pathogen expansion. Thus,
cooperation between Northern and Southern
countries is needed to better characterize the
potential usefulness of animal genetic resources for
disease control. This may benefit from progress in
genomics and the identification of genes for
resistance to major diseases, as well as in the
understanding of general immune response.
Molecular characterization
The impressive development of molecular tools in
the past 20 years benefits the characterization of
animal genetic resources in many ways – which are
already well documented in the SoW-AnGR. It is
important that countries are aware of what
questions molecular tools can or cannot answer at
1Protected geographical indication: the name of a region,
specific place or country describing a product originating in
that region, specific place or country and possessing a
quality or reputation which may be attributed to the
geographical environment with its inherent natural and/or
human components.
2Protected designation of origin: the name of a region,
specific place or country referring to a product originating in
that region, specific place or country and whose quality or
other characteristics are essentially or exclusively due to a
particular geographical environment.
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Box 2. Differentiation in chicken meat production in France
The French production of chicken meat is differentiated into several categories: standard
broiler (SB), label chicken (LB), certified chicken (CF), organic chicken, and Appellation
d’Origine Contrôlée (AOC = Protected Designation of Origin) for the Bresse breed only. Whereas
LB production represented nearly 100 million chickens in 2002 (www.synalaf.fr), the Bresse
AOC represented 1.4 million chickens raised only in the Bresse geographical area as defined
by law. The LB category was created in 1965, to promote product quality throughout the
production process. The LB and CF legal definitions do not require reference to a particular
breed, but only slow-growing lines are eligible. These slow-growing lines are generally
characterized by a coloured phenotype, easy to distinguish from the white plumage of SB.
The philosophy of AOC is quite different since it defines a geographical district which is
characterized by specific features of the natural conditions and production system. For the
Bresse, the district was defined as early as 1936 and the protection of the name “Volaille de
Bresse” was enshrined in law number 57-866 on August 1, 1957. The Bresse breed standard
includes white plumage and blue shanks, which is a rare association among French poultry
breeds. A fixed set of growing conditions (density, open-air access, type of feed) must be
applied for at least 9 weeks, starting from 5 weeks of age. Then, the finishing period,
slaughtering conditions and carcass processing are strictly regulated. The minimal age at
slaughter for the Bresse is 112 days, whereas it is 84 days for LB and 39 days for SB. Tasting
panels are regularly organized to check the meat quality. The selection procedure for the
Bresse breed has also been strictly regulated and is managed by a selection centre (CSB)
which is working in close collaboration with farmers. The Bresse breed is the only local
French chicken breed the population size of which has not decreased since 50 years, and
credit must be given to the AOC for this success (Verrier et al., 2005).
Box 3. Differentiation of goat meat in Argentina
The traditional goat production system from North Neuquén (Patagonia, Argentina), developed by
transhumant goat keepers is a marginal system with low economic input and fragile environment
but with a high cultural capital, an adapted genetic resource and a product with high reputation but
not differentiated. To overcome this situation the application of a Geographical Indication was
developed. This process was based on the organization of the local goat meat marketing chain and
the description of technological properties of the product of the Neuquén Criollo breed. The chain
actors developed a common vision about the system and its identity, which is reflected in the Protocol
of the Designation of Origin of the “Criollo Kid of North Neuquén”. A study on the product’s typical
characteristics and quality has contributed to define quality indicators and traceability of the product.
As a result, the goat keepers’ organizations have been empowered, a common ground of
communication has been established enhancing the understanding level among local actors, which
was previously not existent. This has reinforced regional development and given projection to
sustainability of the system and genetic resource (Pérez Centeno et al., 2007)
present, and how this may change in the future. It is
also important to consider that the broad array of
tools that is available in the case of the “big five”
species is not available for species with a more
limited geographic distribution, but which should
not be neglected.
Some practical considerations
The first step is to collect samples of sufficient
quality from representative animals of the
population to be described – either a well-known
breed or a non-described population (FAO, 1993).
https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S1014233900002534
Downloaded from https:/www.cambridge.org/core. ILRI International Livestock Research Institute, on 11 Feb 2017 at 10:13:03, subject to the Cambridge Core terms of use, available at
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
36
Inventory, characterization and monitoring
The general recommendation is to sample 30 to
50 unrelated individuals, in flocks or herds
covering a wide geographical area, taking into
consideration historical exchange of breeding
stocks, and agro-ecological zones as possible
barriers to gene flow between populations. These
are minimum numbers. Ideally, half the sample
should be females and half males. A clear
description of the sampling procedure is needed,
both for immediate use of the samples and to allow
the samples to be used for future studies. Ideally, the
animals sampled should also have been subject to
phenotypic characterization.
The required DNA quality depends on the
intended future use. Several protocols are available,
and good quality should be the aim. Blood or
ear-tissue samples are ideal for typing nuclear and
mitochondrial DNA (mtDNA) markers, but such
sampling is not always accepted by the farmer. It is
possible to extract sufficient DNA from hair bulbs to
allow the typing of microsatellite DNA markers, but
such samples are not easy to work with in the case
of mtDNA and other markers. Extraction kits are
expensive, but should provide repeatable quality.
Manual extraction needs trained personnel.
Whatever the protocol, DNA quality should be
checked before samples are used or sent for
genotyping.
Molecular markers involve genomic and mtDNA
loci. Microsatellite markers are most commonly
used because they are multi-allelic and numerous,
and can be genotyped on automatic machines. New
microsatellite marker sets of 20 to 30 loci per species
recommended by the International Society of
Animal Genetics (ISAG)/FAO Standing Committee
are available for most species (FAO/ISAG, 2004). It
is highly recommended that a core set of a minimum
of 15 markers be included so as to allow
comparative studies across countries. Merging
genotype data sets produced in different
laboratories has proven to be possible though quite
challenging. Exchange of reference samples
between laboratories is mandatory, and training of
technicians to score the genotypes following the
same procedure is necessary. Statistical methods for
meta-analysis are also under development to make
the best possible use of available data in order to
merge all information and facilitate international
comparisons. The problem of standardizing
microsatellite typing is not encountered in the case
of typing single nucleotide polymorphisms (SNPs)
because technologies are available to provide
standardized reading of SNPs and to produce data
that can be merged between laboratories. SNPs are
discussed in more details in Box 7.
Assessment of genetic diversity with anonymous
DNA markers
The first question that anonymous DNA markers
can answer relates to the diversity level within a
population, which can be described by number of
alleles, number of private alleles, or observed and
expected heterozygosity. Generally, the diversity
level of domestic breeds/populations has been
found to be lower than that of wild relatives and
ancestors. Diversity can be expected to have
gradually declined during the dispersal of livestock
populations from their centres for domestication or
origin to their current locations, mainly as a result
of random genetic drift. However, this pattern may
be distorted by the introduction of exotic breeds,
cross-breeding between populations, admixture of
populations from different centres of domestication
and human selection. Thus a careful examination of
the population’s history is warranted. It is also well
known that heterozygosity estimates are not so
sensitive to the change of number of alleles,
particularly in the case of multi-allelic microsatellite
markers. Therefore, the adjusted mean number of
alleles according to sample sizes could be a better
parameter to measure genetic diversity within
breeds or populations.
Methods have been proposed, and are still under
development, to estimate the effective population
size of a breed or population from molecular data,
particularly from linked markers. It is also possible
to detect departure from the equilibrium state either
due to excessive inbreeding or to population
fragmentation in subgroups that have few or no
exchanges between them. Thus, DNA markers can
be used for monitoring conservation programmes
aimed at avoiding inbreeding, genetic bottlenecks
and fragmentation. Furthermore, they can be used to
identify “livestock biodiversity hotspots” as priority
areas for conservation of indigenous livestock
populations. Typically, populations containing
large variation at anonymous loci are expected also
to exhibit large variation for functional traits. Thus,
DNA markers could be most useful in cases where
little information on population history is available.
However, anonymous markers do not at present
provide a reliable prediction of phenotype; they do
not replace performance measurements and should
not be used alone to make conservation decisions.
The second area in which DNA markers provide
useful answers includes questions of relatedness
between populations, detection of admixture,
introgressions and breed identity. Between-breed
variation may be described by genetic
differentiation indices, such as FST for which
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statistical significance can be calculated in order to
conclude whether or not genetic differentiation
takes place between pairs of populations. Allelic
frequencies for molecular loci also provide the basis
on which to calculate genetic distances. As
mentioned in the SoW-AnGR, phylogenetic
reconstruction of the evolution of breeds or
populations is not well adapted to the dynamics of
domesticated populations, which do not diverge
strictly from a common ancestor and may include
cross-breeding, admixture and introgression events
in their histories (Box 4). In the case of selected lines
derived from the same breed, phylogenetic
reconstruction with neighbour-joining tree can
reveal clustering (Box 5).
Multivariate methods offer a different approach,
which unlike phylogenetic trees, does not rely on
any evaluative assumption. Bayesian clustering has
been shown to be very efficient for the assignment of
individuals to breeds or populations and as a
means to detect population structure and admixture
without any prior information on population
ancestry. Recent results obtained in chicken
populations, both traditional and commercial lines,
showed that more than 90 percent of individuals
could be assigned to their true breed of origin
according to their genotypes for microsatellite
markers (Box 6).
Thus, DNA markers allow the definition of the
genetic entity behind the breed. This can clarify the
procedure of inventories and identify the base
population for conservation programmes.
Knowledge of the molecular identity of certain
breeds or populations may also be used to establish
biological identification systems for certification
and traceability of living animals and derived
products.
In addition to nuclear markers, both mtDNA and
markers from the Y chromosome of mammals
provide additional information on the history of
domestication and introgression events. Very
interesting results have been obtained for ruminants
in this respect. These data may also be useful
because they shed light on peculiar adaptive traits
that these populations may have accumulated over
time.
Known genes and functional diversity
Progress in genome annotation and quantitative
trait loci (QTL) programmes has led to the
identification of many candidate genes that are
likely to influence traits of interest. QTL
programmes and genome databases are available
for the “big five” species. Comparative genomics
may also facilitate the assessment of functional
diversity by transferring knowledge between
species. Significant progress has been made in the
molecular identification of genetic abnormalities as
well as major genes affecting meat quality or
muscular growth. Some causal mutations, as well
as diagnostic methods for these mutations, have
been patented, and new alleles may be present in
some indigenous populations. Therefore, the issue
of intellectual property (IP) arising from the
discovery of functional diversity and exclusive or
non-exclusive use of this IP has to be addressed. As
far as QTL are concerned, finding genes responsible
for the quantitative effect on the performance is still
rare. Furthermore, the effect of a QTL region may
depend on the genomic background: epistatic
interactions are known to take place, so that a given
QTL region identified in one population may not be
Box 4. Sheep biodiversity
The ECONOGENE project combined a molecular analysis of biodiversity, socio-economics
and geostatistics to address the diversity and conservation of small ruminants in marginal
agro-ecosystems. The population structure and genetic diversity of 57 European and Middle
Eastern sheep breeds from 15 countries were analysed by typing 31 microsatellite markers,
thereby extending the available knowledge of sheep diversity at the molecular level. The
domestication centre for sheep lies in the Near and Middle East, and the results showed
high levels of genetic variation among Middle-Eastern and South-eastern European breeds.
The analysis of markers and of the spatial distribution revealed the occurrence of two
clusters, one with north-western European breeds and the other with
Middle-Eastern/southeastern European breeds.
Source: Peter et al. (2007)
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Box 5. Pig biodiversity
The European PigBiodiv project used 50 microsatellite markers to assess the between- and the
within-breed genetic diversity for a set of 59 pig breeds. The resulting structure of eight groups
(bootstrap) showed within-breed clustering of pig lines. The national populations of major
breeds and the commercial lines were clustered around their breeds of reference (Duroc,
Hampshire, Landrace, Large White and Pietrain) in most cases. The Meishan breed represented
a specific outgroup. Local breeds did not group into one cluster and appeared to be scattered
within the global frame. Using only 18 markers decreased the reliability of the clustering,
particularly for the Landrace breed.
Source: San Cristobal et al., (2006).
Box 6. Breed assignment with anonymous markers
The AvianDiv project used 27 microsatellite markers to genotype 30 animals
from 20 chicken populations, ranging from the wild ancestor to highly
selected commercial lines. After an analysis with the “Structure” software,
it was possible to assign birds to their correct breeds with 90% efficiency
using 12 markers. After 24 markers, efficiency remained close to 97%. Correct
assignment of commercial birds to their true line of origin was the most
difficult and required all markers.
0
10
20
30
40
50
60
70
80
90
100
0 2 4 6 8 10 12 14 16 18 20 22 24
Number of markers
P
er
ce
nt
ag
e 
co
rr
ec
tly
 a
ss
ig
n
Chi-squared
Fst
Figure adapted from Rosenberg et al. (2001).
https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S1014233900002534
Downloaded from https:/www.cambridge.org/core. ILRI International Livestock Research Institute, on 11 Feb 2017 at 10:13:03, subject to the Cambridge Core terms of use, available at
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
39
Animal Genetic Resources Information,  No. 42, 2008
Tixier-Boichard et al.
relevant for another population. An integrated
strategy using molecular markers would be to map
the genetic diversity among indigenous livestock
breeds/populations to test hypotheses about which
of them may carry unique QTL for disease
resistance.
The transcriptomics approach has enabled the
exploration of gene expression patterns for
thousands of genes simultaneously. But this
approach has not been used to a large extent for
diversity studies. It raises a number of questions,
regarding the tissue to be sampled, the stage of
sampling, and very often requires animals to be
slaughtered. The best examples deal with the study
of disease resistance, where multigenic expression
patterns can efficiently describe the mechanisms
involved in defence responses, and can identify
relevant differences between breeds. Thus, more
experimental data are needed before gene
expression patterns are incorporated into
characterization.
The final effector molecules are proteins.
Proteomics has also made significant progress,
although it raises delicate methodological issues
and has not yet been applied to the characterization
of genetic diversity. Research is needed to improve
this approach which may open the way to intensive
phenotyping.
Prospects with high-density single nucleotide
polymorphisms
The full genome sequence is or will soon be
available for chickens, cattle, pigs and sheep (and
goats) and large numbers of single nucleotide
polymorphisms (SNPs) are becoming available
(Box 7). As compared to microsatellites, mtDNA and
polymorphisms of known genes, the use of
high-density SNP markers offers quite new
perspectives: these markers are so numerous that
they may unravel the fine structure of the genome
and identify chromosomal segments showing
selection signatures. This will greatly improve our
knowledge of population genetic make-up.
Large-scale SNP typing has already started in
selection programmes for cattle (dairy and beef) and
chickens. Performance recording is still necessary at
crucial steps of characterization programmes, to
define the association between genotypes and
desired phenotypes. Alleles, haplotypes or
quantitative trait nucleotides (QTN) could then be
used to estimate a breeding value genome-wide.
This represents one step forward from the current
marker-assisted selection programmes, which track
a limited number of QTL regions to whole genome
selection. Thus, the whole organization of data
collection may change in the coming years. FAO’s
information system will have to be updated to take
into account these trends.
Advanced inventory and
monitoring
All countries need an active inventory and
monitoring strategy for their animal genetic
resources – to better understand, use, develop,
maintain, conserve and access these resources. The
Global Plan of Action for Animal Genetic Resources
recognizes the need to have a country-based
strategy so that activities for inventory and
monitoring can be linked and coordinated with
relevant country-level action plans such as
agricultural censuses or livestock population
surveys. Indicators are needed for population
trends, breed risk status and changes in the
production environment. Apart from the
opportunity of carrying out meta-analysis of
nationwide data to establish trends and
information gaps, country-based strategies also
encourage the establishment of information
databases of animal genetic resource inventory
which can provide a comprehensive source of
information for research, development of breeding
strategies, conservation programmes, policy
frameworks and even training.
Monitoring driving forces and describing
production environments
Production environments are dynamic, albeit at
different scales and rates. As discussed in the
introductory paper to this series, the major drivers
of change that are of relevance to the management of
animal genetic resource diversity are population
growth, urbanization, and the associated changes
in the structure and volume of demand for livestock
products, globalization, climate change and global
health hazards such as avian influenza. All of these
drivers should be monitored to predict future
scenarios and allow improved preparedness to meet
future challenges.
Indicators related to production environment
were elaborated at an FAO expert consultation
which met in Armidale, Australia in 1998. Five
main criteria (climate; terrain; disease, disease
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complexes and parasites; resource availability; and
management) were identified as the basis for the
characterization of production environments for all
livestock species, with three to seven indicators for
each criterion (FAO, 1998). The framework is
demanding in terms of resource requirements and
needs to be operationalized, but can be used to
select priority criteria and indicators that better meet
specific needs.
The application of georeferencing tools can make
a major contribution to improving the scope and
scale of advanced inventory and monitoring both at
country and global levels.
Monitoring animal populations
Through their ratification of the Convention on
Biological Diversity, countries are committed to
inventory and monitoring of the status of their
animal genetic resources. However, country reports
prepared during the SoW-AnGR reporting process
show that national inventories have either not been
carried out or are still incomplete.
Monitoring requires regular checking of
population status, and the evaluation of trends in
the size and structure of breed/populations, their
geographical distribution, risk status and genetic
diversity. If breeders’ associations or other groups
interested in breed maintenance and promotion
exist, it may be possible to update the inventory
annually. In the absence of such groups, the
mandated national institutions must ensure that
periodic assessment of breed status are carried out
ideally on annual or biennial basis, or at least at
intervals of one generation for the species in
question. This would require comprehensive
updating at intervals of about eight years for horses
and donkeys, five years for cattle, buffaloes, sheep
and goats, three years for pigs and two years for
chickens. Once a breed has been identified as at
risk, a more intensive monitoring programme is
needed on an ongoing basis.
As noted in the SoW-AnGR, monitoring can be
an extremely expensive aspect of the management
and should take as much advantage as possible of
existing resources and activities.
Defining indicators for animal genetic
diversity
A compromise has to be found between the ideal list
of indicators needed to provide accurate
information, and the cost of collection and ease of
interpretation. As stated by OECD (2001), four main
criteria may be used to assess the value of
indicators: policy relevance, analytical soundness,
measurability and interpretation. In general, a small
number of indicators is preferable in terms of
measurability and communication, but relevant
information needs to be captured in order to
support sound decisions.
The existing FAO definitions of breed risk status
(extinct, critical, endangered and not at risk) are
Box 7. A new approach of genome diversity with SNPs
Large numbers of SNPs have been or will be generated as companion programmes of
the genome sequencing efforts undertaken for the “big five” species. SNPs are mainly
bi-allelic due to the low frequency of mutations. Therefore, only a higher number of
SNPs can achieve information content comparable to that obtained using a given
number of microsatellite markers. Characterization of the same set of ten chicken
breeds using 29 microsatellite markers and 145 SNPs confirmed that increasing the
number of SNPs had a higher impact on the reliability of the results than increasing
the sample size (Hillel et al., 2007). Heterozygosity and allelic-richness estimates
obtained for SNP markers exhibit a lower order of magnitude as compared to
microsatellite markers, with values in the range of 0.34 and 1.94, respectively, across
a set of Holstein-Friesian bulls (Zenger et al., 2007). It is likely that systematic molecular
studies of animal genomes will use SNPs and handle questions of selection and
management of genetic diversity at the same time. Cost of typing SNPs is steadily
decreasing, but SNPs are valuable only when they are very numerous (e.g. more than
3 000). Therefore, the absolute cost of typing is still a matter to be considered.
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based on numbers of breeding females and males,
but do not relate to how matings are handled
(e.g. random or high selection intensity within
breeds, use of crossbreeding). Major drivers of
change can lead to rapid changes in the population
size and structures of locally adapted breeds.
Regular monitoring is therefore required, at least for
those breeds classified as critical or endangered. At
present, most national livestock censuses do not
contain breed-level data; therefore, regular reporting
of breed population numbers does not usually take
place. In addition to population size, the number of
farms and number of breeding organizations could
be considered. The number of breeding males
should be made available. Such a monitoring
scheme can serve as the basis for national early
warning, so that timely management interventions
can be planned. Monitoring programmes need to
ensure that feedback is provided to farmers,
researchers and other stakeholders.
Recent research suggests that several issues
need to be taken into account for the development of
indicators for animal genetic diversity:
• the concept of the breed as a genetic entity for
measuring diversity would benefit from the use
of molecular markers for the assignment of
individuals to breeds .
• the assessment of breed risk status should not
rely on population size alone, but would benefit
from more accurate parameters calculated on the
basis of extensive pedigree analysis, such as
inbreeding coefficients of current breeding
animals, or the number of ancestors with a
cumulated contribution of 50 percent of the total
gene pool.
• in the absence of pedigree recording, loss in
diversity may be monitored using molecular
markers, particularly on the basis of the adjusted
mean number of alleles calculated for reference
sets of microsatellite markers.
• occurrence of introgressions or fragmentations
may be monitored with molecular markers,
combining nuclear markers and mtDNA,
provided that reference data sets for a range of
populations are available for comparative
analysis within a country or region.
Target values for country-based early warning
tools are yet to be developed. It is essential to
establish both baseline (inventory) and follow-up
(monitoring) assessments to effectively inform
decision-making in the management and utilization
of animal genetic diversity. Monitoring of diversity
should address both the level of between-breeds
diversity, with setting up conservation programmes
for endangered populations, and the level of
within-breed diversity with updating rules for the
genetic management of the population (Fikse &
Philippson, 2007).
Conclusions and
recommendations
Inventory and characterization of animal genetic
resources should be an iterative process. Regular
updates are necessary, because animal genetic
resources are exposed to strong driving forces, both
from the viewpoint of production systems and
emerging technologies.
Data from all types of populations are relevant
for the Domestic Animal Diversity Information
System (DAD-IS) managed by FAO. In order to
minimize information gaps, the concept of the breed
should be understood in a broad sense. Inventory
should include criteria to assess within-breed
diversity. National databases have to be set up and
should be coordinated at a regional level and with
FAO, in order to facilitate the comparisons and the
updating of information.
A comprehensive description of production
environments is needed in order to better
understand the comparative adaptive fitness of
specific animal genetic resources. It will also help to
identify threats and options for the management of
these resources.
On-field and on-station phenotypic
characterization are complementary. Performance
data should focus on variability as much as
possible and not only include means. Defence
mechanisms against pathogens should be a
priority, given the significance of the threats posed
by epidemics and climate change.
It is likely that microsatellite markers will remain
the first choice for the analysis of genetic diversity
in many domestic species in the near future. Steps
should be taken to support comprehensive
multicountry studies, and to facilitate
meta-analysis. On the technical side, this requires
improved exchange of reference samples and
standardization of genotyping procedures. From the
methodological perspective, appropriate models
need to be developed and tested.
Anonymous markers provide a range of
information, from population history to breed
identity. However, the number of markers which is
sufficient for population genetics studies does not
allow any prediction of performance. Thus,
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available molecular genetic markers should be used
together with phenotypic data.
Recent technologies for large-scale gene
expression studies and high-throughput
SNP genotyping are likely to greatly modify
characterization tools, with the prospect of better
connecting phenotypes to genotypes. Costs are still
too high for these procedures to be used in
systematic surveys of genetic diversity, but in
species such as cattle and chickens in which the
genome has been sequenced, these technologies are
likely to rapidly prove their usefulness in achieving
a comprehensive approach to the assessment of
genetic diversity.
Data on production systems, phenotypes and
molecular markers should be used altogether in an
integrated approach to characterization. Decisions
regarding conservation should incorporate all
descriptors. Conserving without documenting
would be useless. National authorities should be
aware that sharing information and data is
essential to support cost-effective decisions in the
management of animal genetic resources.
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